Résumé. 2014 On a étudié la technique de 
1. Introduction. -Up to now optical techniques such as contact printing and optical projection lithography have been used everywhere in the world to realize devices with smallest dimensions in the submicron range. The high reflectivity of the metals introduces standing waves in the resist, as was distinguished by S. Middelhoek [1] in the late sixties. A number of investigators have studied the related phenomena [2, 3, 4] , mostly in relation to contact printing or to situations in which objectives with a very low numerical aperture are used.
In this paper a theoretical treatment will be given of the image formation by objectives with an arbitrary numerical aperture on highly reflective substrates. In this theory full account has to be given of the vec Fig. 1 The details of the lengthy calculation and the justification of the theory can be found elsewhere [10] . For the image of a point which is illuminated by a monochromatic plane wave, which is polarized along the y-axis, it can be derived : Cf represents the magnitude of object.
In figure 2 the contours of equal electric-energy density for a plane which coincides with the optical axis and the polarization vector have been plotted. This quantity determines which part of the photoresist is removed by the developer after the exposure. Figures 3 and 4 (data [13] ). 3. Discussion. - The contours of equal electric energy density (Fig. 1) clearly demonstrate a periodic amplitude-variation along the optical axis. How closely this ideal profile can be approximated in practice depends on the reflectivity of the substrate and on the self-coherence of the light source. If the light source is quasi-monochromatic and the natural linewidth of the spectral lines which contribute to the exposure of the resist is relatively small, then the self coherence is high [12] . Since the application of glow discharge sources, is common practice in the optical photolithography, the interference effects will appear.
From this it can be concluded that even when the mutual coherence at the penultimate mask (object) is zero, a situation which is often called incoherent illumination of the mask, a standing wave pattern will exist in the resist. Consequently a relatively low intensity level will be present at the resist-metal interface. The reduction of the intensity will be even more pronounced if the mutual coherence at the penultimate mask is high. The mutual coherence depends on the numerical aperture of the illumination systems, if no coherent source such as a laserbeam is used [12] .
In this case, in the centre of an area that corresponds to a transparent part of the penultimate mask, the neighbouring images of the point sources cancel at the metal surface, and the resulting intensity is zero (notice the point symmetry with respect to 0 of the amplitude profiles in figure 3 ). Only at the edges of the geometrical image can a resulting amplitude be expected. The Sputteretching of the pattern is frustrated by the undermined resist pattern at the edges, which causes degradation of the edge acuity. Consequently it is of great importance to supply it with an anti-reflection coating. Selenium and.silicon.will be very profitable. Figure 6 proves that silicon needs a low-pass filter (e.g. most glasses) to exclude the U.V. radiation while selenium needs no filter at all. We have tried out these materials on several substrates such as chromium, NiFe and aluminium [13] . A remarkable reduction of the exposure time of a factor of more than 10 can be observed, and the range over which the exposure time could be varied without affecting the patterns increases enormously. The effect of Cr2o3 on the quality factor Q is much less pronounced. For all that, it can be benefitially used by shifting the critical resist-oxide boundary to a desirable position in the standing wave pattern. Figure 4 proves that at a height of /L/4 from the metal surface (about 440 Á at the 436 nm Hg-line), the intensity profile is very similar to the ideal image of a point well known from scalar diffraction theory. From figure 7 it can be seen that the optimum Cr2o3 thickness on NiFe from an optical point of view is 260 À. In practice a compromise is used, and it has even been shown that by using chemical etching, patterns can be realized with smallest dimensions of 0.2 ~m [14] . Nothwithstanding these good results with Cr2o3, a better defined pattern, which is less sensitive to process variations, can be realized by using Si and Se.
